Secretion granules in the shell gland, isthmus, and albumin-secreting region of the hen oviduct were analyzed with WET-scanning electron microscopy (SEM) and EDX, a combination of wide-angle backscattered electron detector (BED) and energy-dispersive X-ray microanalyzer (EDX). Glutaraldehyde-fixed but unhydrated, unstained, and uncoated samples were analyzed; Ca was localized in all secretion granules in all three sections of the hen oviduct studied.
Introduction
Recent progress in scanning electron microscopy (SEM)-energy-dispersive X-ray microanalysis (EDX) includes adaptation of Robinson's type of wide-angle backscattered electron detector (BED) (9, 10) to hydrated sections as a WET-SEM system. Robinson's BED has the advantages of freedom from charging artifacts and edge highlighting, as well as applicability to wet tissue observation. Although it is obvious that X-ray microanalysis of glutaraldehyde-fixed bulk specimens has the disadvantages of imprecise localization and possible dislocation of elements during fixation, we attempted to detect Ca, which was difficult to localize in other ways, by SEM-EDX as morphologically identifiable granules in the cut surfaces of hydrated bulk specimens of hen oviduct.
Materials and Methods
Small pieces of laying hen oviduct were fixed in 4% glutaraldehyde buffered with 0.1 M HCI-sodium cacodylate at pH 7.4. Except for small portions for transmission electron microscopy (TEM), the remainder of the samples were either freeze-dried or preserved in the cacodylate buffer as hydrated specimens. The wet sample was simply mounted on a carbon or copper disk by carbon paste, without dehydration or metallic coating, and then observed at 30 kV under low 'Presented as part of the program at the 1982 Joint Meeting of the American and Japanese Histochemical Societies, held in Vancouver, British Columbia, Canada, July 20-24, 1982. vacuum (0.2 to 0.5 torr), using Robinson's BED attached to WET-SEM (ISI WS-30). EDX was conducted at 30 kV for 60 or 100 sec by an EMAX (Horiba) or PGT 1000. Specimen current was approximately 9 x 10'°A.
Results
The backscattered electron image (BSE) of different types of granules in hen oviduct ( Figure 1 ) was roughly comparable to the secondary electron image of these granules in our earlier publications (3, 4) , in which resolution of SEM had been estimated as 10 to 30 nm. The maximum practical magnification of BSE of granules was x 10,000 for glutaraldehyde-fixed materials and x 3000 for unfixed specimens. Partial dehydration of the upper surface was not detectable within the 10 to 20 min period during which both BSE observation and Xray microanalysis could be performed. Point analysis on those granules revealed several elements, such as Na, Cl, P, S, and Ca. Ca had been detected in uterus or shell gland using conventional TEM-EDX (6), SEM-EDX, or SEM-WDX (6) . In isthmus, where shell membranes should be secreted, Ca was not detectable in TEM-EDX but was found in freeze-dried materials (7) . The magnum or albumin-secreting region has not been surveyed by SEM-EDX. In the present study, the WET-SEM-EDX system could localize Ca in secretion granules of all three segments (Figure 2 ). WET tissue retained more S, P, K, and less Cl than freeze-dried samples. The present procedure requires little skill, and has potential usefulness in quick analysis for clinical diagnosis. Original magnification X 2900. Figure 2 . Example of the X-ray spectrum obtained by point analysis of the secretion granules with an energy-dispersive X-ray microanalyzer. 30 kV, 9 x 10_ is A, 60 sec. Na, Cl, P, S, Ca = intrinsic elements in secretion granules atributed to egg white or albumin secretion. As = a constituent of cacodylate buffer. Cu, Zn = elements probably from the metallic stage.
Discussion
One ideal preparation of biological specimens for X-ray microanalysis is the dry-cut ultracryosection of unfixed tissues. In practice, this is time-consuming and requires technical skill; results so far obtained with this method are frequently far from satisfactory. The only way to increase the yield of X-ray counts appears to be by increasing the thickness of sections for X-ray microanalysis. Ultimately, this leads to analysis of a bulk specimen. Needless to say, bulk specimens cannot guarantee the precise site of the X-ray source, and any chemical fixation may cause dislocation of elements during the preparatory procedure. Still, use of wet samples can eliminate the loss of constituents during dehydration. We are currently extending these experiments to other tissues, such as kidney and liver (8) . As a pilot study we are using a liquid nitrogen-cooled copper stage to analyze frozen, unfixed bulk specimens with the WET-SEM-EDX system (work in progress). The results thus far obtained indicate that glutaraldehyde fixation does not remove major elements from bulk samples, as we and others had anticipated.
The avian oviduct, which can secrete large amounts of Ca as a primary component of eggshell (1, 11) , is histologically subdivided into the infundibulum, magnum, isthmus, uterus, and vagina. All divisions are composed of ciliated and non-ciliated lining cells and tubular gland cells (2) . Both ciliated cells and tubular gland cells have specific granules that are not stainable with conventional Ca staining (5) . In our previous studies, Ca was localized in both uterus and isthmus, but not in magnum, of the hen oviduct. WET-SEM-EDX has detected Ca in granules of uterus, isthmus, and magnum. Our present findings therefore add new information to current understanding of shell formation in the oviduct.
